Background: Respiratory syncytial virus (RSV) is the leading cause of severe acute respiratory infections (ARI) in preterm infants. The incidence of RSV-associated hospitalizations has not been defined in Mexico.
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| INTRODUC TI ON
Acute respiratory infections (ARI) are a leading cause of hospitalizations and death in children <5 years of age throughout the world. 1 Preterm infants, particularly those suffering from bronchopulmonary dysplasia (BPD), are at increased risk of severe ARI and death compared to term infants. 2 Respiratory syncytial virus (RSV) is the most common cause of lower respiratory tract infections in children and the most common etiology of pneumonia in hospitalized infants. [3] [4] [5] Preterm infants hospitalized with RSV infections are at high risk of requiring admission to the intensive care unit (ICU). 6 Palivizumab is the only currently available specific intervention to reduce RSV-associated disease. 7 However, the high cost of this medication has limited its use in developing countries. In addition, some studies have found a lower risk for severe RSV-associated infection than those reported in palivizumab efficacy studies, particularly in otherwise heathy preterm infants, leading to changes in the recommendations for palivizumab administration in the United States. [8] [9] [10] However, questions still remain regarding the optimal approach for RSV prophylaxis with palivizumab, and the need for additional epidemiological data regarding the incidence of RSV hospitalizations has been identified. 11, 12 The incidence of ARI-and RSV-associated hospitalizations varies in different countries. [13] [14] [15] [16] This could be the result of diverse factors, including social conditions, environmental factors, or healthcare systems. The incidence of severe RSVassociated infections in preterm infants in Mexico has not been defined. Because of variability in the impact of RSV across countries, the availability of regional data is paramount in order to establish preventive measures. We carried out a prospective evaluation of infants born at <37 weeks gestation and determined the incidence of ARI-and RSV-associated hospitalizations in those with and without underlying respiratory and cardiovascular disorders.
| MATERIAL S AND ME THODS
Between 2014 and 2019, we carried out a series of studies to assess the frequency and risk factors associated with ARI hospitalizations in preterm infants. Infants born at <37 weeks of gestation and admitted to the neonatology units at Hospital Central "Dr Ignacio Morones Prieto" or Hospital del Niño y la Mujer "Dr Alberto López Hermosa" (San Luis Potosí, México) were included in these studies and followed up during the first year of life. The neonatology service at each hospital includes a neonatal intensive care unit, a neonatal intermediate care unit, and an infant growth and development unit.
To allow for adequate follow-up, only infants whose mothers' residence was within San Luis Potosí, Soledad de Graciano Sánchez, or Mexquitic de Carmona municipalities were eligible for study participation, since individuals living in these areas are expected to have access to the participating hospitals for acute medical care. Infants who died prior to discharge from the neonatal unit or those who we were unable to locate after discharge from the hospital were excluded from analysis. Palivizumab prophylaxis was not available at the participating hospitals. Prior to study enrollment, signed informed consent was obtained from the infants' parents or legal guardians. The study projects were reviewed and approved by the
Research and Ethics Committees at Hospital Central "Dr Ignacio
Morones Prieto" and Hospital del Niño y la Mujer "Dr Alberto López Hermosa." Newborn infants were enrolled in the study while hospitalized at the neonatal units at the participating hospitals. Demographical and clinical information was obtained including the presence of underlying disorders. After discharge from the hospital, follow-up was carried out through monthly telephone calls, as well as during outpatient follow-up visits to assess the health status of the babies. Identification of ARI-associated hospitalizations was performed by daily visits to the pediatric wards of both hospitals in order to identify study participants who required hospital admission. Hospitalizations due to ARI that occurred at other institutions were identified through telephone communication with the infants' parents. In those patients who required admission to the hospital, clinical information was obtained from the medical records. In addition, a respiratory sample was obtained to detect the presence of RSV in patients admitted after neonatal discharge to the study hospitals. In patients that were admitted with ARI to other hospitals, respiratory samples were obtained when feasible. Viral detection was carried out by reverse transcription-polymerase chain reaction (RT-PCR) at the Microbiology Department, Facultad de Medicina, Universidad Autónoma de San Luis Potosí, as previously described. 6 Acute respiratory infections-and RSV-associated hospitalization incidences were assessed during the first year of life. The age at first ARI-associated hospitalization was used for time survival analysis.
The incidence per 1000 infant-years of follow-up was determined.
Because we could not determine if RSV was present in all ARI admissions, we calculated the RSV-attributable admission rates in addition to the frequency of confirmed RSV infections. In order to do this, we estimated the probability of RSV infection for each Conclusions: Mexican preterm infants, particularly those with BPD, have high rates of ARI-and RSVassociated hospitalizations. Specific interventions to reduce the incidence of severe infections in this highrisk group are required.
K E Y W O R D S
acute respiratory infection, preterm infants, respiratory syncytial virus admission in which a respiratory sample could not be obtained by assigning a proportion (ranging from 0 to 0.508) based on the month in which the admission occurred; this figure was obtained from results of 5074 samples that were analyzed in our laboratory from children younger than 5 years of age who were hospitalized between 2003 and 2015 in San Luis Potosí. For admissions in which RSV detection was carried out, the probability was determined to be 0 (in those negative) and 1.0 (in those with a positive result). Once this had been carried out, the RSV-attributable admission rate was calculated adding the probability of RSV infection for all admission that occurred in the study group (and each of the sub-groups that were analyzed) divided by the number of infants.
In addition, the characteristics of infants that required hospitalization were compared to those of infants who did not require hospitalization. BPD was defined as the use of oxygen for 28 or more days. 17 In addition, patients with BPD were categorized as mild (those <32 weeks gestational age at birth who did not require oxygen at 36 weeks corrected gestational age or discharge, and those 32 weeks or more gestational age who did not require oxygen at 56 days of life or discharge) or moderate-severe (those <32 weeks gestational age who required oxygen at 36 weeks corrected gestational age or at discharge, and those 32 weeks or more who required oxygen at 56 days of life or at discharge). 17 the hospital due to ARI; three patients were readmitted with a respiratory illness within 7 days from a previous ARI hospitalization;
| RE SULTS
for these instances, both episodes were considered as a single hospitalization. Therefore, the total number of hospitalizations in the study was 71. The overall hospitalization rate was 278 episodes per 1000 child-years of follow-up. Survival analysis taking into account patients lost to follow-up showed that by 1 year of age, up to 22% of infants required admission due to an ARI. The cumulative incidence of ARI hospitalization was notably higher in infants with BPD compared to those preterm infants without BPD.
The characteristics of infants who required at least one ARIassociated hospitalization and those who were not hospitalized due to ARI were compared. Infants who required ARI hospitalization during follow-up were diagnosed with neonatal pneumonia and patent ductus arteriosus more frequently than those who did not require hospitalization (47.2% vs 26.1% and 35.8% vs 10.4%, respectively). BPD and congenital heart disease diagnoses were also more frequent among infants who were hospitalized compared with those who were not (62.3% vs 26.1% and 13.2% vs 4.1%, respectively). At least one hospitalization for ARI was required in 33 (34.4%) of the 96 infants with BPD, in 7 (41.2%) of the 17 with congenital heart disease, and in 35 (34.3%) of the 102 patients with either or both diagnoses; in contrast, 18 (9.4%) of 192 infants without these diagnoses required admission to the hospital due to ARI. The seven infants with congenital heart disease diagnosis who required hospitalization were among those that did not require treatment; however, five of them (71.4%) also had BPD. No significant association was observed between gestational age and birthweight and ARI admission; however, children who were admitted due to ARI had required more ventilator support during the neonatal period and had longer NICU stays than those who were not admitted for ARI. Multivariate Cox proportional hazards analysis showed an increased ARI hospitalization risk for infants with patent ductus arteriosus (hazard ratio [HR] 2.36, 95% CI 1.19-4.68; P = .01) and BPD (HR 4.04; 95% CI 1.78-9.13; P < .001; Table 1 ). Table 2 ).
In addition to
Because we were not able to obtain a sample for viral detection in all episodes, the recorded number of RSV hospitalizations corresponds to a minimum incidence. In order to estimate an RSV hospitalization incidence closer to the actual incidence, we determined the probability that a hospitalization in which no sample was obtained might have been caused by RSV as described in the Methods section. The number of ARI hospital admission episodes in study participants during each month and the proportion of RSV detection in 5074 children <5 years of age hospitalized with ARI are shown in Figure 1 . These results were used to estimate the RSVattributable admission rate (Table 3) . Overall, the RSV-attributable ARI admission rate was 94.1 per 1000 child-years of follow-up.
Neither ARI nor RSV admission rates showed an apparent association with the month of birth. BPD and congenital heart disease were associated with high hospitalization rates compared to preterm infants without these risk factors; however, severity of BPD did not appear to affect the risk of hospital admission (Table 3) . Overall, infants with BPD or congenital heart disease required hospitalization approximately 3.5 times more frequently than those without these risk factors.
We also analyzed the cumulative proportion of ARI-and RSVconfirmed infections according to the age of participants at the time of admission, as well as taking into account the month in which the admission occurred, considering that the beginning of the RSV season usually occurs in October in our city. The cumulative proportions of admissions are shown in Figure S1 . Overall, 87.5% of confirmed RSV admissions in the study participants occurred between October and March, and 75% of these occurred in infants <6 months of age. The main clinical characteristics observed during the hospitalizations are shown in Table S1 . The most common discharge diagnosis was pneumonia (47 episodes; 66.2%), followed by bronchiolitis (19 episodes; 26.8%). Forty-two (59%) admissions occurred during the first 6 months of life. Hospitalizations caused by RSV occurred in younger infants than those in which this virus was not detected (mean of 3.7 months compared to 5.9 months, respectively; P = .02). The signs and symptoms on admission were similar between episodes in which RSV was detected compared to those in which this virus was not identified, with the exception of cyanosis, which was more common in infants with RSV infection.
TA B L E 1 Proportional hazards analysis of ARI-associated hospital admissions during the first year of life
Eight infants were admitted to the ICU, and seven required mechanical ventilation.
Five patients died during the study period, and two of these were associated with an ARI hospitalization. RSV was detected in one of them, while in the other infant no sample was available for viral testing. Overall, ARI and RSV were associated to 40% and 20% of the recorded deaths.
| D ISCUSS I ON
Acute respiratory infections continue to be a significant cause of morbidity and mortality worldwide. The World Health
Organization estimated that 16% of deaths in children <5 years of age were due to ARI in 2015. 18 In Mexico, ARI are responsible for approximately 5.9% of deaths in children <5 years of age. 19 However, the relative contributions of specific pathogens and underlying conditions to severe cases of ARI have not been defined.
Preterm born infants, which constitute 10.6% of all births globally, have a higher risk for severe ARI than infants born at term. 20, 21 In addition, infants with complications secondary to prematurity, particularly BPD, have the highest risk for severe infection and mortality. Therefore, interventions to reduce the impact of ARI in these populations are warranted. The availability of information regarding the incidence and risk factors associated with these infections is of value in order to establish and evaluate preventive programs.
While it is well established that prematurity, BPD, and congenital heart diseases are risk factors for ARI-and RSV-associated hospitalizations, the impact of these conditions on infant health varies in different countries. 22, 23 In addition, healthcare utilization may vary also in time. Some studies carried out in the United
States show lower hospitalization rates in preterm infants than those reported in previous analyses. 10 Also, the incidence of RSVassociated hospitalization varies in studies carried out in different countries. [24] [25] [26] In a systematic review that assessed the incidence of RSV hospitalization in healthy preterm infants 29-35 weeks of age, a wide variation of in hospitalization rates (2.3%-10%) was observed. 16 Overall, infants with BPD showed a very high frequency of ARI-and RSV-associated hospitalizations, regardless of gestational age. This contrasts with current recommendations for palivizumab use which suggest this monoclonal antibody should be used only for infants with BPD and gestational age <32 weeks. 28 As such, our data indicate that, in our population, all infants with BPD are at increased risk for severe RSV infection and, therefore, prophylaxis with palivizumab should be considered. On the other hand, the number of infants with hemodynamically significant heart disease in our study was small, and the majority of children with congenital heart defects also had BPD. Therefore, we did not have sufficient data to assess the independent risk for ARI-and RSVassociated hospitalizations in this group of children.
In our study, we did not include full-term infants. As a result, we cannot determine if the incidence rates in preterm infants are higher than those of term infants. However, the incidence or RSV-confirmed year. As such, our data are consistent with a higher incidence of ARIassociated hospitalizations in preterm infants.
In summary, we have determined the frequency of ARI-and RSV-associated hospitalizations in Mexican preterm infants without palivizumab prophylaxis. Eighteen percent of participants required at least one admission to the hospital, and the overall ARI hospitalization incidence was 278 episodes per 1000 child-years of follow-up. ARI-and RSV-associated hospitalizations were significantly higher in infants with BPD. These results support the need to establish a national program to reduce the incidence and severity of RSV infections in all infants with this underlying condition.
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